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DESCRIPTION 

HUMAN ANT I -HUMAN MCP-1 ANTIBODY AND FRAGMENT OF SAID 
ANTIBODY 

TECHNICAL FIELD 

The present invention relates to a human anti- 
human Monocyte chemoattractant protein-1 (hereinafter 
referred to as "human MCP-1") antibody that binds to human 
MCP-1 to thereby block the biological activity thereof or a 
fragment of said antibody. The antibody and a fragment of 
said antibody are expected to be useful as a medicament for 
treating inflammation and immunopathy caused by MCP-1. 
BACKGROUND ART 

Chemokines are a peptide of 8 to 10 kDa that 
plays an important role in migration and activation of 
leukocytes. Chemokines are classified into four subgroups/* 
i.e. "C chemokines", "CC chemokines", "CXC chemokines" and 
"CX3C chemokines", based on positions of the first two 
cysteines (C) among the four cysteines present at the N- 
terminus of chemokines. MCP-1, one of chemokines belonging 
to CC chemokines subfamily, is a monocyte chemotactic- 
activating factor with 76 amino acid residues that was 
cloned from human glioma cell line and monocytic leukemia 
cell line in 1989 (see e.g. Yoshimura, T. et al . , "FEBS 
Letter", 1989, Vol. 244, p. 487-493). MCP-1 is a 
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multifunctional molecule that is produced by monocytes, 
vascular endothelial cells, and fibroblasts and acts on 
monocytes, T cells and basophiles to enhance their 
migrating activity, production and release of active oxygen 
5 and lysosome enzyme, production and induction of cytokines, 
degranulation of basophiles, induction of adhesive 
molecules expression, production and release of histamine 
and leukotrienes, etc. 

With progress of analysis using disease model 

10 animals, especially for chronic inflammation, MCP-1 has 
been indicated to be responsible for some inflammatory 
diseases (see e.g. Schrier, D.J. et al., "Journal of 
Leukocyte Biology", 1998, Vol. 63, p. 359-363). Besides, 
it has been reported that inhibition of MCP-1 activity in 

15 these disease model animals resulted in reduction of 
symptoms. For instance, it has been reported that 

administration of anti-MCP-1 antibody to collagen-induced 
arthritis (hereinafter also referred to as "CIA") model or 
adjuvant-induced arthritis model of rats provides 

20 preventive and treating effects for arthritis to alleviate 
arthritic symptoms (see e.g. Youssef, S. et al., "Journal 
of Clinical Investigation", 2000, Vol. 106, p. 361-371; and 
Ogata, H. et al., "Journal of Pathology", 1997, Vol. 182, 
p. 106-114). It has also been reported that, in case of 

25 MRL-lpr mice where arthritis spontaneously occurs and lasts 



throughout the life, arthritis aggravates when MCP-1 is 
administered but is reduced when antagonist to MCP-1 is 
administered (see e.g. Gong, J.H. et al., "Journal of 
Experimental Medicine", 1997, Vol. 186, p. 131-137) . 

.Moreover, with progress of analysis using mice 
with deficiency in genes of MCP-1 and its receptor CCR2, it 
has been indicated that in some inflammatory diseases MCP- 
1/CCR2 is essential for macrophage invasion involved in 
onset of disease. For instance, it has been reported that 
MCP-1 deficiency in autoimmune mice inhibited migration of 
macrophages and T cells to protect the kidney, the lung and 
skin, resulting in prolonging of life, and that macrophage 
invasion to inflammation experimentally induced in the 
abdomen was inhibited in knockout mice with disrupted CCR2 
gene (see e.g. Kurihara, T. et al., "Journal of 
Experimental Medicine", 1997, Vol. 186, p. 1757-1762 ) . 
There is also a report that deficiency in MCP-1 or CCR2 in 
arteriosclerosis model mice inhibited macrophage migration 
on the artery wall and formation of sclerotic focus (see 
e.g. Gosling, - J. et al., "Journal of Clinical 
Investigation", 1999, Vol. 103, p. 773-778; and Boring L. et 
al., "Nature", 1998, Vol. 394, p. 894-897). 

In relation to human diseases, higher MCP-1 level 
in synovial fluid in rheumatoid arthritis (hereinafter also 
referred to as "RA") patients was found as compared to that 
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of osteoarthritis patients, implying that MCP-1 may play a 
major role in induction/enhancement of inflammatory cell 
invasion and inflammation (see e.g. Akahoshi, T. et al. 
"Arthritis and Rheumatism", 1993, Vol. 36, p. 762-771; and 
5 Koch, AE. et al., "Journal of Clinical Investigation", 1992, 
Vol. 90, p. 772-779). Epidemiological investigation also 
> revealed that MCP-1 may be involved in onset of myocardial 
infarction and arteriosclerosis and an activity to inhibit 
the cell migration mediated by MCP-1 can be a risk factor 

10 of these diseases. It is thus expected that an anti-MCP-1 
antibody may be used for inhibiting a cell migration 
mediated by MCP-1 to thereby prevent and treat myocardial 
infarction and arteriosclerosis. 

As described above, it has been revealed that 

15 MCP-1 is involved in invasion of inflammatory cells and 
induction of inflammation in chronic inflammatory diseases 
and arteriosclerosis. It is thus expected that development 
of a specific monoclonal antibody that neutralizes the 
biological activity of MCP-1 would provide a clinical means 

20 for effectively treating diseases where macrophage invasion 
is a main factor. Several monoclonal antibodies binding to 
MCP-1 have already been, obtained from mice and rats and 
were reported to inhibit macrophage invasion in rat Masugi 
type nephritis and to inhibit macrophage invasion, increase 

25 in right ventricular pressure and hypertrophy of the inner 



membrane of pulmonary arteriole in rat pulmonary 
hypertension model (see e.g. Wada, T. et al . , " FASEB 
Journal", 1996, Vol. 10, p. 1418-1425; and Kimura, H. et al., 
"Lab. Invest.", 1998, Vol. 78, p. 571-581). 
DISCLOSURE OF THE INVENTION 

(Technical Problems to be Solved by the Invention). 

However, since the anti-MCP-1 monoclonal 
antibodies as described above are derived from heterologous 
animals, they would be recognized and removed as a foreign 
substance when administered to human and hence would not be 
suited for use as a medicament. This is in particular the 
case in the treatment of chronic autoimmune diseases such 
as RA where continual administration of drugs is required 
for a long period of time and hence occurrence of 
antibodies to the administered antibody becomes a problem. 
As a means to obviate this problem, a method for obtaining 
an anti-human MCP-1 monoclonal antibody derived from human 
is known (see e.g. Japanese patent publication No. 
67399/1997). Namely, human lymphocytes producing an anti- 
human MCP-1 antibody were transformed with Epstein-Barr 
virus (hereinafter also referred to as "EBV") and the 
resulting transformant cells were cell-fused with myeloma 
cells to produce hybridomas from which a human anti-human 
MCP-1 monoclonal antibody has been obtained. However, the 
antibody obtained in said publication is an IgM class 



antibody and thus is not likely to provide high affinity 
and can less easily be handled as compared to an IgG class 
antibody. Besides, from practical point of view, there is 
also a problem that EBV transformant cells could produce 
5 antibodies only at a low level. In addition, according to 
the disclosure of Japanese patent publication No. 
67399/1997, said IgM antibody against human MCP-1 is 
confirmed to have a binding activity to human MCP-1 but not 
a neutralizing activity. 

10 As an alternative to the methods described above, 

it might also be possible to humanize a mouse monoclonal 
antibody against human MCP-1 using the genetic engineering 
technique. However, even with a humanized antibody, a 
possibility could not be denied that an antibody 

15 (inhibition antibody) inhibiting the activity of an anti- 

human MCP-1 antibody is produced in chronic disease 
patients who receive repetitive or prolonged administration 
of drugs. 
(Means to Solve the Problems) 

20 Under the circumstances, the present inventors, 

as a result of diligent investigation, have obtained a 
single chain Fv (scFv) molecule of fully human anti-human 
MCP-1 antibody from a phage display library constructed 
from immunoglobulin VH chain and VL chain genes prepared 

25 from peripheral blood B lymphocytes from healthy adults, 
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and elucidated VH and VL chains of said antibody. The 
fully human anti-human MCP-1 antibody prepared by using the 
sequence information of said human antibody and a fragment 
of said antibody may bind to human MCP-1 and inhibit the 
5 biological activity thereof and hence are provided for the 
prevention/treatment of inflammatory diseases. 
(More Efficacious Effects than Prior Art) 

As described above, scFv against human MCP-1 
derived from human according to the present invention is 

10 shown to specifically bind to human MCP-1 to thereby 
inhibit the cell migration mediated by human MCP-1 . It is 
thus expected that said scFv as well as a human anti-human 
MCP-1 antibody in which VH chain and VL chain of said scFv 
are combined with a human antibody constant region or a 

15 portion thereof or a fragment of said human anti-human MCP- 
1 antibody are applied to the treatment of diseases wherein 
human MCP-1 is involved, including e.g. chronic 
inflammatory diseases and arteriosclerosis. With these 
antibodies, including those which bound to human MCP-1 but 

20 did not exhibit an inhibitory activity to human MCP-1, it 
is also possible to measure blood level of human MCP-1 to 
thereby monitor the progress of the diseased conditions. 
BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a graph showing the results of ELISA 

25 where specificity of scFv of isolated clones with human 



MCP-1 is assessed. 

Fig. 2 is a graph showing the results of ELISA 
where a binding of the purified scFv derive from human with 
human MCP-1 was measured. 
5 Fig. 3 is a graph showing that scFv inhibits cell 

migration of human monocytic cell line THP-1 mediated by 
human MCP-1 . 

Fig. 4 shows HPLC pattern of the purified MC32 in 
the immunoglobulin form wherein flow rate: 0.5 mL/min. ; 
10 initiation buffer: lOOmM PB, pH 7.2 + 0 . 5M NaCl . 

Fig. 5 is a graph showing a binding of the 
purified MC32 in the immunoglobulin form with MCP-1 . 
BEST MODE FOR CARRYING OUT THE INVENTION 

The human antibody and a fragment of said 
15 antibody of the present invention may be prepared e.g. by 
the procedures as described hereinbelow. 

mRNAs were extracted from peripheral blood B 
lymphocytes from healthy adults and immunoglobulin VH chain 
and VL chain genes were amplified by RT-PCR with primer * 
20 pairs defining both ends of the VH chain and VL chain genes 
to provide each population of H chain and L chain V region 
genes with diverse sequences. Then, amplification was 
further performed with a DNA encoding a peptide linker and 
with primer pairs defining both ends of said DNA so that 
25 the ends of said DNA are linked to the H chain gene and L 



chain gene, respectively, to prepare a population of scFv 
DNAs with random combination of H chain and L chain V 
region genes. The obtained scFv DNAs were incorporated 
into phagemid vector pCANTABSE to prepare an scFv display 
5 phage library. The library is then reacted with human MCP- 
1 immobilized on a plastic tube. After scFv phages not 
reacted were removed by washing, scFv phage clones bound to 
human MCP-1 were eluted with an acid. scFv DNAs are 
prepared from the isolated phage clones and incorporated 

10 into an expression vector and host cells transformed with 
said expression vector are cultured by the conventional 
manner to provide the desired scFv protein alone. 

For expression of scFv DNAs, the expression may 
be performed in E. coli . For expression in E . coli , a 

15 signal sequence for secretion of an antibody may 
functionally be linked to scFv to be expressed with such a 
useful promoter as routinely used in the art. Such a 
promoter includes, for instance, lacZ promoter, araB 
promoter, etc. For a signal sequence for secretion of scFv, 

20 pelB signal sequence may be used (Lei, SP. et al., J. 

Bacterid., 1987, 169 : 4379-4383) for expression in 
periplasm of E. coli . For expression in culture 

supernatant, a signal sequence of g3 protein of M13 phage 
may also be used. 

25 The scFv thus expressed may be isolated from 
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within and without the cells and purified to uniformity. 
Since the scFv expressed in accordance with the present 
invention has an E tag sequence at its C-terminal, it can 
easily be purified with affinity chromatography using an 
5 anti-E tag antibody in a short period of time. It can also 
be purified by a combination of the conventional 
isolation/purification processes used in the protein 
chemistry. For instance, the antibody may be isolated and 
purified by a combination of ultrafiltration, salting-out 

10 method, and column chromatography such as gel filtration, 
ion exchange, or hydrophobic chromatography. 

The scFv protein obtained in accordance with the 
present invention was found to have a biding activity to 
human MCP-1. As a measurement of an antigen-biding 

15 activity of the anti-human MCP-1 antibody as used in the 
present invention, ELISA, BIAcore, etc. may be used. For 
instance, in case of ELISA, a sample containing the desired 
anti-human MCP-1 antibody or a fragment of said antibody, 
such as culture supernatant of E. coli or a purified 

20 antibody, may be added to a 96-well plate to which human 
MCP-1 is immobilized. To the plate may then be added a 
secondary antibody labeled with an enzyme such as 
peroxidase. The plate may be incubated, washed, and added 
with a chromogenic substrate TMBZ and absorbance is 

25 determined to thereby assess an antigen-binding activity. 
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Moreover, the scFv protein obtained in accordance 
with the present invention was found to inhibit the cell 
migration mediated by human MCP-1. Migration (Chemotaxis) 
of sensitive cells by human MCP-1 may be investigated with 
5 chemotaxis assay routinely used in the art, e.g. as 
described by Grob et al . (Grob PM. et al., J. Biol. Chem. , 
1990, 265: 8311-8316) . Specifically, using a commercially 
available chemotaxis chamber, each of the anti-human MCP-1 
antibody and human MCP-1 are diluted with a culture 

10 solution such as RPMI1640 and' mixed together, and the 
mixture is incubated at room temperature for a fixed time 
and then added to the lower part of the chamber partitioned 
with a filter. Then, a suspension of human MCP-1 sensitive 
cells such as, for instance, monocytic cell line THP-1, or 

15 human peripheral blood mononuclear cells (hereinafter also 
referred to as "PBMC") is added to the upper part of the 
chamber and left to stand at 37°C for a fixed time. 
Migrating cells will move towards the lower part of the 
chamber through the filter attached thereto. Thus, cells 

20 adhered to the filter may be dyed with e.g. Giemsa staining 
for counting a cell number. Alternatively, a cell number 
may be counted for cells moved to the lower part of the 
chamber with e.g. a Coulter counter. In place of the 
chamber described above, commercially available disposable 

25 assay cells for chemotaxis assay may also be used. The 
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chemotaxis ass f ay system revealed that the scFv protein of 
the present invention inhibited the cell migration mediated 
by human MCP-1. 

As described above, since the scFv protein 
5 obtained in accordance with the present invention may 
inhibit the cell migration mediated by human MCP-1 in a 
concentration dependent manner, it is expected to be 
efficacious for the prevention or treatment of diseases 
induced by said cell migration. 

10 The amino acid sequences of VH and VL chains of 

the above scFv clone having the inhibitory activity as well 
as the nucleotide sequences coding therefor are indicated 
in SEQ ID NOs : 1 and 2 (VH chain) and in SEQ ID NOs: 6 and 
7 (VL chain) , respectively. 

15 In addition, the amino acid sequences of 

complementarity determining regions (CDR1 to CDR3), which 
are included in the above amino acid sequences, of VH and 
VL chains are shown below. 
[VH chain] 

20 CDR1: Ser Tyr Ala lie Ser (SEQ ID NO: 3) 

CDR2: Gly Phe Asp Pro Glu Asp Gly Glu Thr lie Tyr Ala Gin 

Lys Phe Gin Gly (SEQ ID NO: 4) 
CDR3: Asp Leu Gly Gly Gly Asp Tyr Tyr Tyr Gly Met Asp Val 
(SEQ ID NO: 5) 
25 [VL chain] 



13 



CDR1: Arg Ser Ser Gin Ser lie Asn Thr Tyr Leu His (SEQ ID 
NO: 8) 

CDR2: Ala Ala Ser Thr Leu Gin Ser (SEQ ID NO: 9) 
CDR3: Gin Gin Ser Phe Thr Thr Pro Leu Thr (SEQ ID NO: 10) 
5 The VH and VL chains of the present invention 

include those having the amino acid sequences as' described 
above wherein one or several amino acid residues are 
deleted, substituted or added. 

Although the VH chain and/or the VL chain of the 

10 human anti-human MCP-1 antibody as disclosed herein were 
obtained in the form of scFv by using the phage antibody 
technique, the present invention encompasses a human anti- 
human MCP-1 antibody in the immunoglobulin form wherein the 
disclosed VH chain and/or VL chain are combined with a 

15 constant region of a human immunoglobulin, a human anti- 
human MCP-1 antibody fragment such as Fab, Fab' or F(ab ! )2 
wherein the disclosed VH chain and/or VL chain are combined 
with a portion of a constant region of a human 
immunoglobulin, and other human anti-human MCP-1 antibody 

20 fragment such as a human anti-human MCP-1 single chain 
antibody (scAb) wherein scFv is combined with a constant 
region of a human immunoglobulin, as well as gene fragments 
encoding these antibodies and the antibody fragments. The 
present invention further encompasses a modified protein 

25 molecule wherein a high molecular weight modifying agent 



such as polyethylene glycol is combined with these antibody 
and antibody fragment protein molecules. For preparing 
scFv in which each Fv of the H chain and the L chain are 
linked together with a suitable linker, a peptide linker to 
be used may be any single chain peptide having e.g. 10-25 
amino acid residues. 
INDUSTRIAL APPLICABILITY 

As described above, the human anti-human MCP-1 
antibody and the fragment molecules of said antibody 
according to the present invention, containing a variable 
region of a human anti-human MCP-1 antibody, may 
potentially interact with human MCP-1 to thereby inhibit 
the binding between human MCP-1 and a human MCP-1 receptor. 
In addition, the human anti-human MCP-1 antibody and the 
fragment molecules of said antibody according to the 
present invention may inhibit various immune responses 
induced by human MCP-1 and hence may be used as a 
medicament for the prevention and treatment of inflammation 
and immunopathy induced by said immune responses, e.g. as' 
an anti-inflammatory agent or a medicament for the 
treatment and prevention of autoimmune diseases. Besides, 
the antibody and a fragment thereof of the present 
invention is expected 'to contribute to the prevention and 
treatment of myocardial infarction and arteriosclerosis. 

The present invention is explained in more detail 
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by means of the following Examples but should not be 
construed to be limited thereto. 

Example 1 ; Construction of phage library from healthy 
donors . 

5 Phage library was constructed as reported by. J. D. 

Marks et al., J. Mol. Biol. , 222: 581-597, 1991 with some 
modification, using lymphocytes from peripheral blood taken 
from 20 healthy donors as a starting material. 

Namely, lymphocytes were isolated from peripheral 

10 blood taken from 20 healthy donors by sedimentary 
centrif ugation with Ficol, washed thoroughly with PBS and 
then treated with ISOGEN (NIPPON GENE CO., LTD) to prepare 
a total RNA. The obtained total RNA was divided into four 
samples and from each of the samples were prepared cDNAs 

15 with primers specific to constant regions of either human 
IgG, IgM, k chain or A chain using first strand cDNA 
synthesis kit (Pharmacia biotech) . Using each of the 
obtained cDNAs as a template, each of antibody V region 
genes were amplified by polymerase chain reaction (PCR) 

20 using primers specific to either of combinations of VH(y or 
jj) and JH, Vk and Jk, or VX and JX, as described by Marks 
et al . 

Then, VH (y or \i) and Vk, and VH (y or \i) and VX, 
were linked together with a linker DNA by assembly PCR 
25 (McCafferty, J. et al.: Antibody Engineering - A Practical 
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Approach, IRL Press, Oxford, 1996) to prepare single chain 
scFv DNAs. The obtained scFv DNAs were added with NotI and 
Sfil restriction sites using PCR, electrophoresed on 
agarose gel and then purified. The purified scFv DNAs were 
5 digested with the restriction enzymes NotI (Takara) and 
Sfil (Takara) and then cloned into phagemid p CAN TAB 5 E 
(Pharmacia) . The obtained phagemids pCANTAB5E where scFv 
DNA was bound were introduced into E. coli TGI cells by 
electroporation for each of VH(y)-Vk, VH(y)-VA, VH(vi)-Vk, 

10 and VH(y)-VA. From the number of the transformed TGI cells, 
it was assessed that VH(y)-Vk, VH (y) -VA, VH(u)-Vk and 
VH(y)-VA exhibited diversity of 1.1*10 8 , 2.1xl0 8 , 8.4*10 7 
and 5.3><10 7 clones, respectively. With M13K07 helper phage, 
phage antibodies were expressed on the transformed TGI 

15 cells to prepare scFv display phage library derived from 
healthy donors. 
Example 2 : Panning 

Human MCP-1 was dissolved in ImL 0 . 1M NaHC0 3 and 
the solution was incubated in 35mm dish (Iwaki) at 4°C 

20 overnight to immobilize IL-6. To the dish was added 0.5% 
gelatin/PBS for blocking at 20°C for 2 hours and then the 
dish was washed six times with 0.1% Tween20-PBS. To the 
dish was then added 0 . 9mL of the single chain antibody 
display phage solution (lxio 12 tu/mL of the antibody phage 

25 library derived from healthy donors) for reaction. 
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After washing the dish ten times with 0.1% 
Tween20-PBS, 1 . OmL glycine buffer (pH 2.2) was added to 
elute single chain antibody display phages bound to human 
MCP-1. After adjusting pH by adding 1M Tris 

5 (hydroxymethyl) -aminomethane-HCl , pH9.1, the eluted phages 

were infected to E. coli TGI cells at logarithmic growth 
phase. The infected TGI cells were centrifuged at 3,000*g 
for 10 minutes. Supernatant was removed, suspended in 
200]jL 2><YT culture medium, plated on SOBAG plate (SOB plate 

10 containing 2% glucose, 100 jjg/ml ampicillin) and then 
incubated overnight in an incubator at 30°C. The resulting 
colonies were suspended and recovered in a suitable amount 
of 2*YT culture medium with a scraper (Coastor) . 

The obtained TGI solution (50|iL) was inoculated 

15 on 30mL 2><yt culture medium and rescued with a helper phage 
to prepare a phage library after screening. For each of 
the phage libraries VH(y)-Vk, VH(y)-VA, VH(]j)-Vk and VH(y)- 
VA derived from healthy donors, four pannings in total were 
performed " with the human MCP-1 immobilized plate. After 

20 the fourth panning, any clone was extracted arbitrarily 
from the SOBAG plate. The scFv expression was confirmed, 
specificity was confirmed by human MCP-1 ELISA and a 
nucleotide sequence was analyzed. 
Example 3 : Human MCP-1 ELISA for screening 

25 For screening the isolated clones, ELISA was 
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performed as follows: Human MCP-1 and human MlP-la 
(macrophage inflammatory protein 1-a) were immobilized on 
an ELISA plate' for screening. Each 2 jjg/mL of a human MCP- 
1 or human MlP-la, or 2.5 pg/mL of a human serum albumin 
5 (HSA) were placed in an ELISA plate (Nunc) which was kept 

standing at 4°C for 16 hours for immobilization. To the 
immobilized plate was added 400 pL/well of a PBS solution 
containing 0.5% BSA, 0.5% gelatin and 5% skimmed milk and 
was kept standing at 4°C for 2 hours for blocking. 

10 To the plate was added 40 jaL/well of sample 

solutions containing scFv display phage for reaction. The 
sample solutions were discarded and the plate was washed 
with a washing solution five times. The plate was reacted 
with a biotin-labeled anti-M13 monoclonal antibody 

15 (Pharmacia biotech) and then with an anti-mouse IgG 

antibody labeled with alkaline phosphatase (AP) . After 
washing with a washing solution five times, the plate was 
added with 50 jaL/well of a chromogenic substrate solution,- 
i.e. a PBS solution containing 1 g/mL p-nitrophenyl 

20 phosphate (Wako) and 10% diethanolamine (Wako) , light- 
shielded, and developed at room temperature to 37 °C for 5 
to 10 minutes. Absorbance at 4 05nm was measured using 
Multiplate Autoreader NJ-2001 (Inter Med) . As a result, 
all the clones assessed were confirmed to be specific to 

25 human MCP-1 (Fig. 1) . 
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Example 4 : Sequence analysis of clones 

A DNA nucleotide sequence of the isolated clones 
was determined for scFv gene VH and VL using Dye terminator 
cycle sequencing FS Ready Reaction kit (Applied Biosystems) 
5 (SEQ ID NOs: 1 and 6) . As a result of ELISA and sequence 

analysis, the isolated clones were classified into four 
classes . 

Example 5 : Expression and purification of fully human anti- 
human MCP-1 scFv 

10 Plasmid DNAs were recovered from the four scFv 

clones MC8, MC15, MC32 and MC59 reactive with human MCP-1 
isolated in Examples 2 and 3 as described above and E. coli 
HB1251 was transformed with said plasmid DNAs in accordance 
with the conventional technique. The E. coli cells were 

15 cultured overnight on 2*YT medium containing 2% glucose and 
then a portion of the cells were transferred to 2*YT medium 
free from glucose and thereto was added IPTG at a final 
concentration of lmM for overnight culture to induce 
expression of scFv. After completion of culture, the cells 

20 were recovered, suspended in PBS containing lmM EDTA and 
placed on ice for 30 minutes. Then, centrif ugation was 
performed at 8,900*g for 30 minutes. A supernatant was 
recovered and passed through 0.45pm filter and the filtrate 
was used as a starting material for purifying scFv from a 

25 periplasmic fraction. 
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The thus prepared starting material for 
purification was purified by affinity chromatography with 
an anti-E tag antibody in accordance with the conventional 
technique. After dialysis with PBS, endotoxins were 
5 removed with an endotoxin-removing column Detoxi-gel 
(PIERCE) in accordance with the protocol attached thereto. 
After concentration with Centricon (Amicon) with a 
molecular weight cut-off of 10,000, filtration through 
0 . 45|im filter provided a purified product. 

10 Example 6 : Binding of purified scFv with human MCP-1 

Binding of the purified scFv with human MCP-1 was 
then measured by ELISA. To a 96-well plate (NUNC. 

MAXISORP) immobilized with human MCP-1 prepared at 0.5 
yg/mL with PBS was added lOOpL of the purified antibody for 

15 reaction at 37 °C for 1 hour. After washing five times with 
0.05% Tween-PBS (hereinafter also referred to as "PBST" ), 
the plate was further reacted with an anti-E tag antibody 
labeled with peroxidase at 37°C for 1 hour. After washing 
five times with PBST, to the plate was added a chromogenic 

20 substrate solution for development and absorbance at 450nm 
was measured to assess the binding. The results are shown 
in Fig. 2. All the four antibodies were found to bind to 
human MCP-1 in a concentration dependent manner. 
Example 7 : Effect on the cell migration mediated by human 

25 MCP-1 
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The inhibitory activity of the antibody of the 
present invention to the cell migration mediated by human 
MCP-1 to monocytes was investigated by chemotaxis assay. 
Transwells with a pore size of 8iam (Costar) were set on 
5 each well of a 24 -well plate. To this 24 — well plate was 
added 540}iL of RPMI 1640 medium containing 1% FCS 
(hereinafter also referred to as "1% FCS-RPMI") . Then, 
each equivalent amount of scFv of an adjusted concentration 
and 2*1CT 8 M human MCP-1 (CHEMICON) were mixed and 

10 incubated at room temperature for 30 minutes. 60|iL of the 
reaction solution was added to a 24-well plate containing 
540|iL of the medium. To Transwells were added 100pL of 1% 
FCS-RPMI and 1*10 6 cells/mL of human monocytic cell line 
THP-1 (200yL) and the plate was kept to stand at'37°C for 4 

15 hours. Thus, the cells reside in the upper Transwell 
portion that is partitioned with the 8jim filter from the 
lower 24-well plate where the mixture of the antibody is 
placed. The cells that migrate through the filter towards 
the 24-well plate were counted with a Coulter counter 

20 (Coulter) . The results of this assay are shown in Fig. 3. 

Among the four antibodies, MC15 and MC32 were found to have 
an inhibitory activity to the cell migration mediated by 
human MCP-1. 

Example 8 : Construction of plasmid expressing human anti- 
25 MCP-1 antibody in the immunoglobulin form 
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From the expression plasmid in which scFv DNA of 
scFv clone MC32 isolated in Example 3 was incorporated, 
each DNA encoding VH chain and VL chain regions were 
amplified by PCR. Each PCR primers used for the 

amplification are indicated below. 
[VH sense chain] 

5 1 -CGT GGC TCC TGG GCC CAC AGC CAG GTA CAG CTG CAG CAG TCA- 
3' (SEQ ID NO: 11) 
[VH antisense chain] 

5'-TGA GGA TAC GGT GAC CGT GG-3' (SEQ ID NO: 12) 
[VL sense chain] 

5 ' -CGT GGC TCC TGG GCC CAC AGC GAC ATC CAG TTG ACC CAG TCT- 
3' (SEQ ID NO: 13) 
[VL antisense chain] 

5'-ACG TTT GAT CTC CAC CTT GG-3 1 (SEQ ID NO: 14) 

The amplified DNAs of the VH chain and VL chain 
were each cloned into plasmid DNA pUC18, in which a leader 
sequence necessary for secretion in animal cells is 
incorporated, at the downstream of said leader sequence. 

The thus obtained plasmid DNAs were digested with 
Hindi 1 1 (TAKARA BIO INC.)-BamHI (TAKARA BIO INC.) at 37 °C 
for 2 hours and were elect rophoresed on 2% agarose gel 
(TAKARA BIO INC.) to recover VH chain and VL chain DNA 
fragments containing the signal sequence. 

The expression plasmid pCAG-H, in which the H 



chain constant region (hinge-CHl-CH2-CH3 ) gene of a human 
antibody IgGl is incorporated, was digested with Hindi II- 
BamHI at 37 °C for 2 hours. To the prepared vector DNA 
fragment was inserted the Hindlll-BamHI fragment of the VH 
chain previously prepared. E. coli HB101 cells were 
transformed with the resulting expression plasmid and the 
plasmid was prepared from drug (ampicillin) resistant 
colonies and treated with the restriction enzymes to 
confirm the insertion of the VH chain. 

Likewise, the VL chain DNA fragment was inserted 
into the expression plasmid pCAG-L in which the L chain (k 
chain) constant region (Ck) gene of a human antibody is 
incorporated. 

Example 9 : Transient expression of human anti-MCP-1 
antibody MC32 in the immunoglobulin form in animal cells 
and purification thereof 

BMT-10 cells were used for transient expression. 
Each 5mL of " BMT-10 cells maintained on D 1 MEM (Invitrogen) 
with 8% FCS (Invitrogen) were dispensed into sterilized 
small laboratory dishes (diameter 6cm; Corning) at a cell 
concentration of 1.5><10 5 cells/mL and incubated in C0 2 
incubator at 37°C overnight. After washing the cells twice 
with PBS (SIGMA) , the culture medium was replaced with 5mL 
of OPTI-MEM (Invitrogen) with a lower serum level. Two 
disposable centrifuge tubes (FALCON) made of polystyrene 
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were provided. In one tube, lOyiL of Lipof ectamine reagent 
(Invitrogen) and 90pL of OPTI-MEM culture medium were mixed 
together (hereinafter referred to as "Lipof ectamine 
solution") . In the other tube, each 3\iq of the expression 
5 plasmid DNAs of the H chain and L chain as previously 
prepared were added and thereto lOOpL of OPTI-MEM was 
further added (hereinafter referred to as "DNA solution".) . 
The DNA solution was added drop by drop to the 
Lipof ectamine solution and the mixture was stirred at room 

10 temperature for 30 minutes for reaction. After completion 
of the reaction, a total amount (200|iL) of the solution was 
added drop by drop to laboratory dish and incubated in C0 2 
incubator at 37 °C for 6 hours. After six hours, the 
culture medium was removed by suction, D ? MEM with 8% FCS 

15 was gently added and the dish was incubated at 37 °C for 4 
days. After four days, supernatant was recovered and 
passed through 0.22|am filter and the filtrate was used as a 
starting material for purification. 

Purification was performed in accordance with the 

20 conventional technique using a purification system of 
Biologic Duo Flow (BIO RAD) and Protein G column 
(Pharmacia) . 

Specifically, the Protein G column was 
equilibrated with PBS and then 50mL of the above culture 
25 supernatant was applied to the column at a flow rate of 1 
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mL/min. After washing the column with PBS at a 50-folds 
larger volume than a gel bed, elution was carried out with 
0.1M glycine-HCl, pH2 . 7 . Each ImL of the eluate was 
recovered to an ET free disposable tube (FALCON 2063 etc.) 
5 to which 50|il of 1M Tris-HCl, pH9.0 was previously added 
for neutralization. Absorbance at 280nm was immediately 
measured for each fraction with a spectrophotometer and 
major fractions were pooled (normally 2mL) and were 
dialyzed against PBS at 4°C overnight. Purification assay 
10 of the purified antibody was performed by HPLC with G3000SW 
column (Toso) and by SDS-PAGE. One of the results of HPLC 
is shown in Fig. 4 where flow rate: 0.5 mL/min.; initiation 
buffer: lOOmM PB, pH7 . 2 + 0 . 5M NaCl . 

Example 10 : Binding of purified MC32 antibody in the 

15 immunoglobulin form with MCP-1 

Binding of the purified MC32 antibody in the 
immunoglobulin form with MCP-1 was assessed by ELISA. 
After a 96-well plate (Maxisorp; Nunc) immobilized with 
human MCP-1 (Chemicon) prepared at 0.5 jag/mL with PBS was 

20 blocked with 1% BSA/PBS, the purified anti-MCP-1 antibody 
MC32 in the immunoglobulin form was used with two-fold 
serial dilution with 1% BSA-0.05% Tween/PBS starting from 5 
pg/mL. After reaction at 37°C for 1 hour, the plate was 
washed five times with 0.05% Tween/PBS and further reacted 

25 with an anti-human IgG antibody labeled with peroxidase at 
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37 °C for 1 hour. After washing five times with PBST, a 
chromogenic substrate TMBZ was added to the plate for 
development and absorbance at 450nm was measured to assess 
the binding. The results are shown in Fig. 5. The 
5 purified MC32 antibody in the immunoglobulin form bound to 
MCP-1 in a concentration dependent manner as in the case of 
scFv. 



